Abstract: Background Cane toads (Rhinella marina) are an iconic invasive species introduced to four continents and well utilized for studies of rapid evolution in introduced environments. Despite the long introduction history of this species, its profound ecological impacts and its utility for demonstrating evolutionary principles, genetic information is sparse.
Here we produce a de novo transcriptome spanning multiple tissues and life stages to enable investigation of the genetic basis of previously identified rapid phenotypic change over the introduced range. Findings Using approximately 1.9 billion reads, from developing tadpoles and 6 adult tissuespecific cDNA libraries, and a transcriptome assembly pipeline encompassing 100 separate de novo assemblies, we constructed 62,202 transcripts, of which we functionally annotated ~50 %. Our transcriptome assembly exhibits 90% full-length completeness of the BUSCO (benchmarking universal single-copy orthologs) dataset. Robust assembly metrics and comparisons to several available anuran transcriptomes and genomes indicate that our cane toad assembly is one of the most complete anuran genomic resources available. Conclusion This comprehensive anuran transcriptome will provide a valuable resource for investigation of genes under selection during invasion in cane toads, but will also greatly expand our general knowledge of anuran genomes, which are underrepresented in the literature. The dataset is publically available in NCBI and GigaDB to serve as a resource for other researchers.
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Abstract

24
Background
25
Cane toads (Rhinella marina) are an iconic invasive species introduced to four continents and 26
well utilized for studies of rapid evolution in introduced environments. Despite the long 27 introduction history of this species, its profound ecological impacts and its utility for 28 demonstrating evolutionary principles, genetic information is sparse. Here we produce a de 29 novo transcriptome spanning multiple tissues and life stages to enable investigation of the 30 genetic basis of previously identified rapid phenotypic change over the introduced range. 31
Findings
32
Using approximately 1.9 billion reads, from developing tadpoles and 6 adult tissue-specific 33 cDNA libraries, and a transcriptome assembly pipeline encompassing 100 separate de novo 34 assemblies, we constructed 62,202 transcripts, of which we functionally annotated ~50 %. 35
Our transcriptome assembly exhibits 90% full-length completeness of the BUSCO 36 (benchmarking universal single-copy orthologs) dataset. Robust assembly metrics and 37 comparisons to several available anuran transcriptomes and genomes indicate that our cane 38 toad assembly is one of the most complete anuran genomic resources available. 39
Conclusion
40
This comprehensive anuran transcriptome will provide a valuable resource for investigation 41 of genes under selection during invasion in cane toads, but will also greatly expand our 42 general knowledge of anuran genomes, which are underrepresented in the literature. The 43 dataset is publically available in NCBI and GigaDB to serve as a resource for other 44 researchers. 45   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 environments, but genomic data are scarce [9] . Providing access to well-developed genomic 63 resources for the cane toad will enable the investigation of the genetic basis of traits 64 underlying invasion ability in this species, which will in turn significantly advance our 65 spawning; males received 0.25 ml and females 0.75 ml. The pairs of male and female toads 86 were left overnight in 750L plastic enclosures, containing bore water, to lay and fertilize egg 87 clutches. Egg clutches were removed and placed in 17L tanks containing continuously aerated 88 bore water and monitored to ensure fertilization had occurred. Embryos were selected once 89 they reached Gosner stage 16-17 [10] . Three replicates of five fertilised embryos were 90 removed per clutch and placed in 1L containers, each with 750ml bore water, where they 91 were raised until 10 days old; water was changed daily and developing tadpoles were fed 92 12mg of a commercial algae supplement (Hikari algae pellets, Kyorin, Himeji City, Japan) 93 after each water change. One tadpole from each of the three replicate tadpole tanks per clutch 94   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Total RNA was extracted from each of the brain, spleen and tadpole samples using Qiagen 101
RNeasy kits (Qiagen, USA), following the manufacturers protocol with an additional DNase 102 digestion step. Extracted RNA was quantified using a Quibit RNA HS assay on a Qubit 3.0 103
Fluorometer (Life technologies, USA). For the tadpole sequencing, total RNA from the three 104 'replicate' tadpoles per clutch were pooled in equal quantities, resulting in 4 pooled samples. 105   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Queensland) previously used to build a de novo muscle (triceps femoris) transcriptome [9] . 118
119
Ovary and Testes -Two adult toads (1 male and 1 female) were collected from Macapá city 120 (0.0432° S, 51.1241° W), Amapá state, Brazil in December 2015. Toads were euthanized as 121 described above and ovary and testes were excised and immediately stored in RNAlater then 122 kept at 4 °C for storage until RNA extraction. Total RNA was extracted using Qiagen RNeasy 123 kits, following the manufacturers protocol with an additional DNase digestion step. Extracted 124 RNA was quantified using a Qubit RNA BR assay and RNA integrity (RIN) was assessed 125 using a Tapestation 2200 (Aligent Tech., Santa Clara, CA, USA) with an RNA Screen. One 126 μg of total RNA per sample was used to construct mRNA libraries using the TruSeq mRNA 127 v2 sample kit, which included a 130-350 bp size selection step. Both libraries were run on a 128
HiSeq 1500 using Illumina V4 PE chemistry across two lanes (one lane for each sample) 129 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 and Brazil data sets contained ~42.2 million and ~82.2 million reads, respectively. Multiple 146 independent de novo transcriptome assemblies were conducted for each of the input data sets, 147 resulting in 100 separate assemblies (see Table 2 ). In brief, we used three assemblers: Trinity, 148
with default parameters and --min_contig_length=300; SOAPdenovo-Trans v1.03 [14], with 149 13 different k-mers (apart from the Brazil input set which had 12) for each combination of 150
EdgeCovCutoff=2, mergeLevel=1 and EdgeCovCutoff=3, mergeLevel=2 -the parameters -f, -151 F and minContigLen=200 were the same for all assemblies; velvet v1.2.09/oases v0.2.08 152 [15, 16] , with 12 different k-mers for each combination of -cov_cutoff=3, -min_pair_count=4 153 and -cov_cutoff=5, -min_pair_count=6, where -ins_length=300 and -min_trans_lgth=200 154 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 were consistent across assemblies. The individual assemblies were then compiled into an 155 'over-assembly' of ~ 42 million transcripts. To reduce redundancy in the 'over-assembly' we 156 used the tr2aacds pipeline from the Evidential Gene package [17] , which selects the 'optimal' 157 set of transcripts based on their coding potential. This reduced the redundant 'over-assembly ' 158 to the final assembly of 62,202 transcripts. We then used TransDecoder v3.0.0 to predict 159 protein coding sequences (CDS) with a minimum CDS of 100bp. Transvestigator [18] was 160 used to prepare the final assembly for submission to NCBI's Transcriptome Shotgun 161
Assembly (TSA) database -accessible through the PRJNA383966 accession. Results from 162 the assembly pipeline are described in Table 3 . 180
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